Free fatty acids are a large group of non toxic compounds which present antimicrobial 38 activity. It is well known that soaps composed of free fatty acid salt have a bactericidal effect. 39
The bactericidal effect of free fatty acids has been extensively investigated and presented by 40
Nieman (1954) . More recently Kabara (1978) dispersant. These solutions were added to a nutrient broth (Biokar Diagnostic BK003HA) for 92 heating media or a nutrient broth with Bacteriological Agar (15g) (Biokar Diagnostic 93 A1010HA) for recovery media. For the different FFA, the concentrations studied were lower 94 than their critical micelle concentration values (Freeman 1969, Mukerjee and Mysels, 1971) . 95
The concentrations of free fatty acids added to the heating media were 0.8mM or 2mM. In the 96 recovery media, different concentrations were added from 0 to 2 mM according to their 97 critical micelle concentration values and their influence on the D values determined. After 98 sterilization by autoclaving at 110°C for 45 minutes as described by Marounek et al. (2003) , 99 the pH was adjusted to 7 and the aw value was also regulated. For better visibility of bacterial 100 communities, 2,3,5-Triphenyl-2H-Tetrazolium Chloride (TTC) was added to the recovery 101 medium containing free fatty acids. Firstly, 30 μl of spore suspension was diluted in 3 ml of adjusted heating medium. Capillary 107 tubes of 200 μl (vitrex) were filled with 100 μl of sample, sealed, and subjected to a thermal 108 treatment in a thermostated glycerol bath for different heating times. The heat treatment was 109 stopped by cooling capillary tubes in a water/ice bath. Then they were broken at both ends 110 and their contents poured into a tube containing 9 ml of sterile tryptone salt broth (BiokarDiagnostics BK014HA) by rinsing with 0.9 ml tryptone salt broth. The parameter values and their associated standard deviation were fitted using a non-linear 128 module ("nlinfit" and "nlparci" Matlab 6.1, The Mathworks). The "nlparci" function used to 129 assess standard deviation was based on the asymptotic normal distribution for the parameter 130
estimates (Bates and Watts, 1988) . ranging from 50% to 75% according to the acid type used. As shown by the results presented, 166 the chain length or unsaturated bond does not appear to influence this moderate effect. To the 167 best of our knowledge, the literature gives no information to explain the mechanism of free 168 fatty acid effects during heat treatment. 169
The benefit of the association of different stresses on bacterial inactivation has been described 170 by Leistner (2000) Galbraith and Miller (1973b) showed that for Bacillus megaterium cells, low concentrations 244 of fatty acids stimulate oxygen uptake, whereas high concentrations (0.2mM) of oleic acid 245 inhibit oxygen intake. These authors observed that unsaturated fatty acids were more active 246 than saturated acids. A similar decrease or inhibition of nutrient uptake was observed for 247 amino acids glutamic acid and lysine for B. megaterium and C. perfringens vegetative cells 248 (Galbraith and Miller, 1973b) and glucose and glycerol uptake for Brochothrix thermosphacta 249 (Macaskie, 1982) . 250
All these effects of free fatty acids on unheated bacteria were enhanced by the injury caused 251 by heat treatment. Free fatty acids are present in natural oils such as olive oil or in fish and 252 animal fats, for instance in canned fat duck liver. Thus the additive influences of free fatty 253 acids in heating and particularly in recovery media can be taken into account to safely reduce 254 heat treatment of bacterial spores. These major reductions in thermal resistance by fatty acids 255 in recovery media may explain the sterility of canned fat duck liver which is heat treated with 256 very low sterilization values, lower than 1. According to our results, the high concentrations 257 of free fatty acids in fresh fat duck liver, 33.3mM of oleic acid and 2.4mM of palmitoleic acid 258 (Tremoulet et al., 2002) 
